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Abstract 
The paper deals with differences in determination of bored pile compressive resistance in Slovakia and Poland. Common 
procedures of determination of bored pile compressive resistance, applied in Slovakia and Poland, will be introduced. It will be 
shown in examples that various calculation procedures take into account various factors influencing pile compressive resistance 
in different way, therefore pile compressive resistances determined by various procedures will be different. It will be also shown, 
that underground water has strong impact on pile compressive resistances so reliable determination of its presence and its change 
during pile life can contribute to economic pile design.  
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1. Introduction 
Pile design is quite complicated from the reasons that piles are embed in various soil and there are many 
technologies, which influence base resistance and shaft resistance. It is hard to evaluate mentioned influence and 
various design approaches introduce various coefficients to take into account mentioned influences. In Slovakia, at 
the present, the Slovak Technical Standard STN 73 1002 applied from 01.04.1989 is still valid. However, in the 
Standard, there are only tabled values of pile compressive resistance posted, no formula for calculation of base 
resistance and shaft resistance is introduced. Therefore in practice, the procedure introduced in [1] is more often 
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applied. By the procedure, a base resistance and shaft resistance will be calculated, taking into account various 
influence on them. In Poland, at the present, no specific Polish Standard for pile design is valid. Since applying 
Standards is not obligatory in Poland, even the PN-83/B-2482 [2] is withdrawn; it still often applied in Poland. Not 
as valid STN 73 1002, there are no tabled values of pile compressive resistance posted but base resistance and shaft 
resistance are introduced for various kinds of soils. From the reason that Eurocode 7, part I [3] does not introduce 
any specific procedure for calculation of pile compressive resistance, a comparison of procedures of calculation of 
pile compressive resistance bored in soil in Slovakia by [1] and in Poland by [2] will be useful. 
2. Determination of pile compressive resistance in Slovakia 
By [1], pile compressive resistance will be calculated using a formula: 
 ௩ܷௗ ൌ ܷ௕ௗ ൅ ௙ܷௗ          (1) 
where ௩ܷௗis design pile compressive resistance (kN);ܷ௕ௗ is design pile base resistance (kN) and ௙ܷௗis design pile 
shaft resistance (kN). The design pile base resistanceܷ௕ௗ can be calculated using a formula: 
ܷ௕ௗ ൌ ܭଵǤ ܣ௕Ǥ ܴௗ௕          (2) 
where ܭଵ is a coefficient for foundation depth, taking into account pile length L. The minimum value ܭଵ ൌ ͳǤͲis 
applied for ܮ ൑ ʹǤͲm and the maximum value ܭଵ ൌ ͳǤͳͷis applied for ܮ ൐ ͸ǤͲm. ܣ௕ is a pile base area (m2) and 
ܴௗ௕ is a bearing capacity of soil under pile base (kPa), which can be calculated using a formula: 
 ܴௗ௕ ൌ ͳǤʹܿௗǤ ௖ܰ ൅ ሺͳ ൅ ݏ݅݊߮ௗሻǤ ߛଵǤ ݀Ǥ ௗܰ ൅ ͲǤ͹ߛଶǤ ሺܾ ʹΤ ሻǤ ௕ܰ      (3) 
where d is a depth of pile base under terrain (m); b is a pile diameter (m); meaning of other symbol are the same 
as in the Slovak Technical Standard STN 731001 [4] with exceptions in calculation of soil design angle of internal 
friction Md and design cohesion cd: 
߮ௗ ൌ ߮ ߛ௠ఝΤ  ;ߛ௠ఝ ൌ ͳǤͶ 
ܿௗ ൌ ܿ ߛ௠௖Τ  ;ߛ௠௖ ൌ ʹǤͲ 
The design pile shaft resistance ௙ܷௗ can be calculated using a formula: 
 ௙ܷௗ ൌ ݑǤ σ ݄௜Ǥ ܴௗ௙௜          (4) 
where u is a pile perimeter (m); hi is a thickness of the layer i, in which the shaft resistance is calculated (m) and 
ܴௗ௙௜ is a design friction on pile shaft in layer i (kPa), which can be calculated using a formula: 
ܴௗ௙௜ ൌ ܭଶǤ ߪ௢௥௜Ǥ ݐ݃ሺ߮ௗ ߛ௥ଵΤ ሻ ൅ ܿௗ ߛ௥ଶΤ         (5) 
where Vori is a origin effective geostatic stress in a depth zi under pile head; K2 is a coefficient of horizontal soil 
pressure on the pile and equals 1.0 if zi  10m and equals 1.2 if zi >10m. 
Jr1 is a coefficient taking into account technology of pile performance. The minimum value Jr1 = 1 is applied for 
pile concreting without casing and the maximum value Jr1 = 1.6 is applied for concreting using suspension and PVC 
or PE or concreting of borehole diameter larger than 2m using suspension. 
Jr2 is a coefficient taking into account a depth zi under pile head. The minimum value Jr2 = 1 is applied for z>3m 
and the maximum value Jr2 = 1.3 is applied zi  1m. 
 When calculating pile shaft resistance ௙ܷௗ, a friction shall not applied for a length Lp from pile base. The value 
of Lp can be calculated using a formula: 
ܮ௣ ൌ ͲǤʹͷܾǤ ௗܰ଴Ǥ଺଻          (6) 
3. Determination of pile compressive resistance in Poland 
By [2], pile compressive resistance can be calculated using a formula: 
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 ௧ܰ ൌ ௣ܰ ൅ ௦ܰ ൌ ܵ௣Ǥ ݍሺ௥ሻǤ ܣ௣ ൅ σܵ௦௜ Ǥ ݐ௜
ሺ௥ሻǤ ܣ௦௜       (7) 
where Nt is a design pile compressive resistance (kN); Np is a design pile base resistance (kN) and Ns is a design 
pile shaft resistance (kN).  
Sp is a coefficient for base resistance, taking into account technology of pile performance, kind of soils, soils 
density index and consistency index. The minimum value Sp = 0.8 is applied for various technologies and the 
maximum value Sp = 1.8 is applied for pile Franki in soil with ID from 0.20-0.67. 
q(r) is a unit design base resistance (kPa), which can be calculated using a formula: 
ݍሺ௥ሻ ൌ ߛ௠Ǥ ݍ           (8) 
where q is a ultimate base resistance (kPa) and can be found in the Tab. 1 of the Standard depending on the kind 
of soil and soil density index or consistency index. The minimum value is 250 kPa for silt with Ic = 0.25 and the 
maximum value is 7750 kPa for gravel with ID = 1.0.  
ߛ௠ is a material coefficient, which is smaller or equal 0.9. 
 It is very important to note that the tabled values of q are applied for critical depth hc = 10m and more from 
terrain surface (or referenced surface in case of compressible layer presence) and for pile diameter D0 = 0.4m. For a 
depth of pile base smaller than 10m, an interpolated value should be applied (q = 0kPa at terrain surface or 
referenced surface and q = “tabled value” at the depth 10m). This procedure is applied for all pile technologies and 
pile diameters in all cohesive soils and in non-cohesive soils with ID  0.33. 
 For pile base in non-cohesive soil with ID > 0.33, it is necessary to take into account influence of pile diameter 
on the values of q (for pile Franki and Vibro a pile body diameter will be applied). For pile with diameter Di > 
D0=0.4m the following formulas should be applied: 
ݍ௜ ൌ ݍǤට
஽బ
஽೔
(for h  hc)           (9) 
݄௖௜ ൌ ݄௖Ǥට
஽೔
஽బ
           (10) 
 For hc < h < hci, the values of qi should be obtained by interpolation. 
 For a pile with diameter Di < D0 = 0.4m, the formula (10) should be applied. 
 For bored piles, the critical depths calculated using formula (10) should be increased about 30% (hci* = 1.3hci). 
ti(r) is a unit design shaft resistance (kPa) for layer i, which can be calculated using a formula: 
ݐ௜
ሺ௥ሻ ൌ ߛ௠Ǥ ݐ௜           (11) 
where ti is an ultimate shaft resistance (kPa) and can be found in the Tab. 2 of the Standard depending on the 
kind of soil and soil density index or consistency index. The minimum value is 0 kPa for organic clay (7kPa for silt 
with Ic = 0.25) and the maximum value is 165 kPa for gravel with ID = 1.0.  
 The tabled values of t are applied for a depth of pile body equal or larger than 5m. For a depth of pile body 
smaller than 5m, an interpolated value should be applied (t = 0 kPa at terrain surface or referenced surface and t = 
“tabled value” at the depth 5m). This procedure is applied for all pile technologies; all pile diameters in all soils. 
 By [2], it is necessary to take into account negative skin friction if a pile is placed in unconsolidated or loose 
soils (e. g. organic clay, peat, cohesive soil with IL  0.75, cohesionless soil with ID  0.20 and fresh embankment) 
or decrease of underground water level is expected. In the Tab. 3 of the Standard there are posted design values of 
negative skin friction ranged from 5-10kPa. In the case when a soil layer can settle due compressible soil layer under 
it, it is necessary to consider its shaft resistance as negative.  
 By [2], in case of foundation composed from 1 pile only, a pile compressive resistance should be reduced using 
coefficient 0.7. In case of foundation composed from 2 piles, a pile compressive resistance should be reduced using 
coefficient 0.8 and in case of foundation composed from 3 piles and more, a pile compressive resistance should be 
reduced using coefficient 0.9. In this paper, this coefficient will not be used. 
 The Standard prescribes also correction procedure for pile compressive resistance in pile group but we will not 
deal with this matter in this paper. 
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4. Examples  
To compare pile compressive resistance in Slovakia and Poland, two examples will be introduced. In both two 
examples, compressive resistance of CFA pile of diameter 0.6m and 0.8m will be compared. 
 In the example No. 1, geological profile (by [5]) is composed of: 
0 - 2.0m: coarse sand above underwater level; ID = 0.35; J= 21.2kN.m-3; M 320; c = 0kPa; 
 2.0 - 3.8m: coarse sand under underwater level; ID = 0.35; J´= 10.2kN.m-3; M 32.00; c = 0kPa; 
 3.8 - 5.2m: organic clay with peat; IL = 0.75; J´= 3.0kN.m-3; M´ 3.00; c´ = 25.5kPa; 
 5.2 - 6.4m: silty sand; ID = 0.30; J´= 11.0kN.m-3; M´ 12.20; c´ = 33.2kPa; 
 under 6.4m: gravel; ID = 0.62; J´= 10.8kN.m-3; M´ 39.40; c´ = 0kPa. 
 Underground water level is at the depth 2.0 under terrain surface. 
In the example No. 2, geological profile is composed of: 
 0 - 1.8m: sand-gravel mix; ID = 0.60; J= 17.5kN.m-3; M´ 39.250; c = 0kPa; 
 1.8 - 7.8m: silt; IL = 0.70; J´= 19.15kN.m-3; M´ 12.520; c = 20.51kPa; 
 7.8 - 11.7m: silty sand; ID = 0.40; J= 18.58kN.m-3; M´ 30.00; c´ = 0kPa; 
 11.7 - 25.2m: fine sand; ID = 0.45; J= 18.69kN.m-3; M´ 30.250; c´ = 0kPa. 
 Underground water level is at the depth 1.8 under terrain surface. 
The values of posted shear strength parameters are obtained based on kind of soil and ID and IL in accordance 
with [6].  
The values of pile compressive resistance for a pile of diameter 0.6m and 0.8m, placed in soils of the example 
Nr. 1 are introduced in Tab. 1 and Tab. 2 (pile cap thickness 1.5m).  
The values of pile compressive resistance for a pile of diameter 0.6m and 0.8m, placed in soils of the example 
Nr. 2 are introduced in Tab. 3 and Tab. 4 (pile cap thickness 1.3m). 
  
 Tab. 1. The values of pile compressive resistance (example Nr. 1), pile diameter 0.6m 
Pile length 
(m) 
Pile compressive resistance; 
using soil total unit weight (kN)  
Pile compressive resistance; 
using soil effective unit weight (kN) 
Procedure 
applied in 
Slovakia 
Procedure 
applied in 
Poland 
Differences 
(kN) 
Differences 
(%)  
Procedure 
applied in 
Slovakia 
Procedure 
applied in 
Poland 
Differences 
(kN) 
Differences 
(%) 
8 1786.8 1048.2 738.5 70.5  960.2 1048.2 -88.0 -8.4 
10 2509.3 1573.3 935.9 59.5  1327.9 1573.3 -245.4 -15.6 
12 3587.4 2044.5 1542.8 75.5  1873.7 2046.6 -172.9 -8.4 
14 4599.3 2441.3 2158.0 88.4  2391.7 2448.1 -56.5 -2.3 
16 5711.9 2838.1 2873.8 101.3  2961.9 2849.7 112.2 3.9 
18 6925.2 3216.5 3708.7 115.3  3584.4 3216.5 367.9 11.4 
  
 Tab. 2. The values of pile compressive resistance (example Nr. 1), pile diameter 0.8m 
Pile length 
(m) 
Pile compressive resistance; 
using soil total unit weight (kN)  
Pile compressive resistance; 
using soil effective unit weight (kN) 
Procedure 
applied in 
Slovakia 
Procedure 
applied in 
Poland 
Differences 
(kN) 
Differences 
(%)  
Procedure 
applied in 
Slovakia 
Procedure 
applied in 
Poland 
Differences 
(kN) 
Differences 
(%) 
8 2964.7 1510.5 1454.3 96.3  1616.3 1510.5 105.8 7.0 
10 4053.5 2244.7 1808.7 80.6  2168.3 2244.7 -76.5 -3.4 
12 5616.3 2911.0 2705.3 92.9  2957.8 2913.9 43.9 1.5 
14 7090.9 3483.3 3607.7 103.6  3710.2 3493.1 217.1 6.2 
16 8699.8 4055.6 4644.2 114.5  4532.2 4072.3 460.0 11.3 
18 10442.9 4627.9 5815.0 125.7  5424.0 4651.5 772.5 16.6 
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 Tab. 3. The values of pile compressive resistance (example Nr. 2), pile diameter 0.6m 
Pile length 
(m) 
Pile compressive resistance; 
using soil total unit weight (kN)  
Pile compressive resistance; 
using soil effective unit weight (kN) 
Procedure 
applied in 
Slovakia 
Procedure 
applied in 
Poland 
Differences 
(kN) 
Differences 
(%)  
Procedure 
applied in 
Slovakia 
Procedure 
applied in 
Poland 
Differences 
(kN) 
Differences 
(%) 
8 973.8 366.8 607.0 165.5  625.7 366.8 259.0 70.6 
10 1450.6 587.5 863.1 146.9  881.8 587.5 294.3 50.1 
12 1865.4 913.5 951.9 104.2  1097.6 913.5 184.1 20.2 
14 2459.9 1101.9 1358.0 123.2  1406.5 1101.9 304.6 27.6 
16 3121.4 1268.3 1853.1 146.1  1746.5 1268.3 478.1 37.7 
18 3849.9 1424.9 2425.0 170.2  2117.6 1424.9 692.7 48.6 
 
 Tab. 4. The values of pile compressive resistance (example Nr. 2), pile diameter 0.8m 
Pile length 
(m) 
Pile compressive resistance; 
using soil total unit weight (kN)  
Pile compressive resistance; 
using soil effective unit weight (kN) 
Procedure 
applied in 
Slovakia 
Procedure 
applied in 
Poland 
Differences 
(kN) 
Differences 
(%)  
Procedure 
applied in 
Slovakia 
Procedure 
applied in 
Poland 
Differences 
(kN) 
Differences 
(%) 
8 1527.0 542.7 984.3 181.4  963.7 542.7 421.0 77.6 
10 2206.6 850.3 1356.3 159.5  1324.8 850.3 474.5 55.8 
12 2808.1 1339.9 1468.2 109.6  1635.4 1339.9 295.5 22.1 
14 3652.0 1612.4 2039.6 126.5  2071.0 1612.4 458.6 28.4 
16 4585.2 1885.0 2700.2 143.2  2548.2 1885.0 663.2 35.2 
18 5607.8 2128.4 3479.4 163.5  3066.9 2128.4 938.5 44.1 
 
 Tab. 5. The comparison of pile compressive resistance calculation using different unit weight (example Nr. 1) 
Pile length 
(m) 
Pile compressive resistance; 
Procedure applied in Slovakia, D = 0.6m  
Pile compressive resistance; 
Procedure applied in Slovakia, D = 0.8m 
Total unit 
weight 
Effective unit 
weight 
Differences 
(kN) 
Differences 
(%)  
Total unit 
weight 
Effective unit 
weight 
Differences 
(kN) 
Differences 
(%) 
8 1786.8 960.2 826.5 86.1  2964.7 1616,3 1348.5 83.4 
10 2509.3 1327.9 1181.4 89.0  4053.5 2168,3 1885.2 86.9 
12 3587.4 1873.7 1713.7 91.5  5616.3 2957,8 2658.5 89.9 
14 4599.3 2391.7 2207.7 92.3  7090.9 3710,2 3380.8 91.1 
16 5711.9 2961.9 2750.0 92.8  8699.8 4532,2 4167.6 92.0 
18 6925.2 3584.4 3340.8 93.2  10442.9 5424,0 5018.9 92.5 
 
 Tab. 6. The comparison of pile compressive resistance calculation using different unit weight (example Nr. 2) 
Pile length 
(m) 
Pile compressive resistance; 
Procedure applied in Slovakia, D = 0.6m  
Pile compressive resistance; 
Procedure applied in Slovakia, D = 0.8m 
Total unit 
weight 
Effective unit 
weight 
Differences 
(kN) 
Differences 
(%)  
Total unit 
weight 
Effective unit 
weight 
Differences 
(kN) 
Differences 
(%) 
8 973.8 625.7 348.1 55.6  1527.0 963.7 563.3 58.4 
10 1450.6 881.8 568.7 64.5  2206.6 1324.8 881.8 66.6 
12 1865.4 1097.6 767.8 70.0  2808.1 1635.4 1172.7 71.7 
14 2459.9 1406.5 1053.4 74.9  3652.0 2071.0 1581.0 76.3 
16 3121.4 1746.5 1374.9 78.7  4585.2 2548.2 2037.1 79.9 
18 3849.9 2117.6 1732.3 81.8  5607.8 3066.9 2540.9 82.9 
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 The values of pile compressive resistance were calculated by the procedures applied in Slovakia and Poland as 
described in the Chapter 2 and 3. For a pile placed in soils of the example Nr. 1, negative skin friction was also 
taken into account. 
 As we can see from the tables, there are very large differences in pile compressive resistance calculated by the 
procedures applied in Slovakia and Poland. The differences (for real cases, where underground water is present) 
vary in the range from -15.6% (example Nr. 1, pile diameter 0.6m and pile length 10m) up to 77.6% (example Nr. 2, 
pile diameter 0.8m and pile length 8m). 
 By the procedure applied in Poland, no influence of underground water is mentioned; it means that tabled values 
of base resistance and shaft resistance, posted in [2] can be applied for both cases: underground water is present and 
not present. Therefore pile compressive resistances calculated using soil total unit weights (no underground water is 
present) are also introduced in the Tab. 1 to Tab. 4. As we can see, in this case differences in pile compressive 
resistance calculated by the procedures applied in Slovakia and Poland are very large and vary in the range from 
59.5% (example Nr. 1, pile diameter 0.6m and pile length 10m) up to 181.4% (example Nr. 2, pile diameter 0.8m 
and pile length 8m).  
 Attention should be paid on the fact that pile compressive resistance calculated using total unit weight is much 
higher than pile compressive resistance calculated using effective unit weight. Differences vary from 55.6% 
(example Nr. 2, pile diameter 0.6m and pile length 8m, see Tab. 6) to 93.2% (example Nr. 1, pile diameter 0.6m and 
pile length 18m, see Tab. 5).  
 It is clear that it is not possible to compare example Nr. 1 and 2 since geological profiles are different. Some 
general statements on pile length for which differences in pile compressive resistance calculated by the procedures 
applied in Slovakia and Poland are smallest also cannot be drawn since by the procedure applied in Slovakia, base 
resistance is higher for larger pile length (deeper pile base) but by the procedure applied in Poland, for pile base in 
the depth larger than critical depth, the base resistance will be constant. Also, by the procedure applied in Slovakia, 
shaft resistance is higher for deeper pile body but by the procedure applied in Poland, the shaft resistant will be 
constant below 5m. 
5. Conclusions 
 Precise determination of pile compressive resistance is very complicated because of many factors influencing it, 
including various pile performance technologies which influence pile compressive resistance by various rates. 
Various calculation procedures take into account various factors in different way, therefore pile compressive 
resistances determined by various procedures will be different. Underground water has strong impact on pile 
compressive resistances therefore reliable determination of its presence and its change during pile life can contribute 
to economic pile design.  
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